Purpose: To evaluate the clinical results following arthroscopic surgery in patients with anomaly of the anterior horn of the medial meniscus (AHMM) that was found unexpectedly during surgery and discuss whether resection is necessary in patients without anteromedial knee pain (AMKP). Methods: Between May 2014 and April 2017, a total of 387 knee arthroscopies in 379 patients were performed. Among these, 11 knees in 11 patients showed an anomalous insertion of the AHMM (incidence, 2.8%), and all 11 patients were included in this study. For these 11 patients, medical records including preoperative diagnosis, arthroscopic findings, and pre-and postoperative clinical evaluations were analyzed. Results: None of the patients complained of AMKP before arthroscopy. Two patients were diagnosed with lateral meniscus injury and the other 9 patients were diagnosed with medial meniscus injury. All anomalies of the AHMM were found incidentally during arthroscopic surgery. The anomaly formed a band-like structure arising from the anterior portion of the medial meniscus and was attached to the anterior aspect of the ACL and femoral intercondylar notch. All 11 patients underwent partial meniscectomy, but anomalies of the AHMM were not resected. One patient was excluded from clinical evaluation, as that patient required subsequent total knee arthroplasty due to osteoarthritis. For the other 10 patients, mean follow-up was 36.8 months (range, 26-61 months). Knee pain was relieved, and none developed postoperative AMKP. Mean Lysholm score improved significantly from 55.9 to 91.2 (P < .001). Conclusions: The incidence of the anomaly was 2.8% in our study. If the patient has no AMKP before arthroscopic surgery, anomaly of the AHMM is a silent lesion that does not warrant resection. Level of Evidence: Level IV, therapeutic case series
T he medial meniscus (MM) plays an important role in the functions of the knee joint, such as load distribution, joint stability, and shock absorption. Although the anterior horn of the medial meniscus (AHMM) is attached firmly to the anterior aspect of the tibial plateau, some reports have described cases in which the AHMM is not firmly attached to the tibia. 1 Among these is the anomalous insertion of the AHMM into the anterior cruciate ligament (ACL) and femur, with a reported incidence of 0.52% to 4.1%. 2e5 The anomalous insertion of the AHMM has long been speculated to be a potential cause of anteromedial knee pain (AMKP), because some cases show resolution of AMKP after resection of the anomaly. 6, 7 However, in cases in which the anomaly is observed unexpectedly during arthroscopic surgery in a patient without AMKP, whether resection of the anomaly is necessary remains unclear. Recently, Kim and Joo 5 described the preoperative clinical, arthroscopic, and magnetic resonance imaging (MRI) findings of knees with anomalous insertion of the AHMM in detail. However, the subject's postoperative course, especially the occurrence of anterior knee pain, was not investigated.
The purpose of this study was to evaluate the clinical results following arthroscopic surgery in patients with anomaly of the AHMM that was found unexpectedly during surgery and discuss whether resection is necessary in patients without AMKP. Our hypothesis is that the resection of the anomaly of the AHMM would not necessary in a patient without AMKP before arthroscopy.
Methods
Between May 2014 and April 2017, a total of 387 knee arthroscopies in 379 patients were consecutively performed at our hospital. These procedures included meniscectomy or meniscus repair for 228 knees, ACL reconstruction for 146 knees, extraction of a free body for 5 knees, medial patellofemoral ligament reconstruction for 4 knees, and joint debridement for 4 knees. All arthroscopic surgeries were performed by 1 experienced surgeon, and inspection of the AHMM was standardized for all subjects. The photos/videos of all the arthroscopic surgeries were reviewed. Among all these patients, 11 knees in 11 patients (5 female, 6 male) showed an anomalous insertion of the AHMM, representing an incidence of 2.8%. All 11 patients were enrolled in this study. These 11 patients all underwent partial meniscectomy, but the anomalies of the AHMM were not resected, and were followed up from 6 months to once a year after the surgery, regardless of symptoms. Mean age at the time of surgery was 48.6 years (range, 16-76 years). None of the patients had a previous history of ipsilateral knee surgery before the arthroscopy.
Medical records including preoperative diagnosis, history of trauma, preoperative MRI findings, arthroscopic findings and procedures, and pre-and postoperative clinical evaluations were reviewed. Indications for surgery were determined based on the severity of the meniscus injury according to physical and radiologic examinations. The pattern of meniscus tear and quality of meniscus tissue at the tear site were described according to the classification system of the International Society of Arthroscopy, Knee Surgery and Orthopaedic Sports Medicine. 8 Complete and incomplete discoid meniscus was described according to the classifications of Watanabe and Ryu. 9,10 Complete discoid meniscus was defined as a meniscus covering the entire tibial plateau, and incomplete discoid was defined as a meniscus covering half or more of the tibial plateau in this study. Articular cartilage degeneration was evaluated using the Outerbridge classification (grade 0-4). 11, 12 The anomalies of AHMM were classified according to the classification described by Cha et al. and Shang et al. 3, 13 The classification is as follows:
The insertion of the AHMM into inferior third of the ACL is classified as type 1, middle third of the ACL is classified as type 2, and superior third of the ACL including the intercondylar notch is classified as type 3. Pre-and postoperative clinical evaluations included the Lysholm score and the development of postoperative AMKP. AMKP was defined as the pain located at anterior half of medial knee joint line. Patients were asked to score AMKP at rest and when walking using a numerical rating scale (NRS, 0-10). 14, 15 An NRS 2 was defined as positive AMKP for this study. Histologic analysis of the anomalous insertion of the AHMM to the femur was performed in 1 patient (case 11), who required subsequent total knee arthroplasty (TKA) in which the anomalous tissue was able to be extracted. Hematoxylin and eosin staining was used for that histologic analysis. This retrospective study was approved by our institutional review board (file no. 5-16-55), and written informed consent was obtained from the patient who required TKA in which the anomalous tissue was extracted. The author M.N., medical doctor, assessed all the patients.
Statistical Analysis
Pre-and postoperative Lysholm scores were compared using the ManneWhitney U test. A value of P < .05 was considered significant. All statistical analyses were performed with BellCurve for Excel (Social Survey Research Information Co., Ltd., Tokyo, Japan).
Results

Preoperative Condition and Diagnosis
Details of the 11 patients are shown in Table 1 . Nine of the 11 patients presented with mechanical symptoms, but none showed AMKP on the initial outpatient visit. The NRS of AMKP of all the patients was 0. The 2 teenaged patients (cases 1 and 2) diagnosed with lateral meniscus (LM) injury sustained the injury during sports activity. Seven of the 9 patients (77.8%) diagnosed with MM injury had no history of trauma. The MRI of the affected knee was examined retrospectively, and the anomaly of AHMM was observed in 9 of 11 patients (81.8%).
Arthroscopic Findings and Procedures
Two teenaged patients (cases 1 and 2) had an incomplete discoid LM with radial tear that required reshaping. No evidence of degenerative changes was seen at the tear site. The other 9 patients (mean age, 55.7 years) showed a complex tear from the middle to posterior portion of the MM that required partial resection. Degenerative changes of the tissue at the tear site were observed in all 9 patients (Fig 1) . Although 6 of the 11 patients (54.5%) had an incomplete discoid LM, none had a complete or incomplete discoid MM. Grade 3 or 4 cartilage degeneration was seen in 3 patients (cases 6, 9, and 11) in the medial compartment of the knee, in 4 patients (cases 3, 6, 9, and 10) in the patellofemoral compartment, and in 1 patient (case 9) in the lateral compartment of the knee. Chondral defects were not treated in any patients.
e2
All anomalies of the AHMM were found incidentally during arthroscopic surgery. Since none of the patients had complained of AMKP before arthroscopy, these anomalies were not resected. The anomaly formed a band-like structure arising from the anterior portion of the MM and was attached to the upper third of the ACL and femoral intercondylar notch (Fig 2A) . According to the classification described by Cha et al. 3 and Shang et al., 13 all anomalies of AHMM were classified as type 3. For all 11 patients, the AHMM was not firmly attached to the tibia and no signs of rupture or degeneration were evident in the AHMM.
Clinical Results
Case 11 was excluded, as the patient had required TKA 1 year after the arthroscopic surgery, due to osteoarthritis. For the other 10 patients, mean followup interval was 36.8 months (range, 26-61 months). Knee pain was relieved and mechanical symptoms disappeared, and no patients developed postoperative AMKP. The NRS of AMKP of all the patients was 0. Mean Lysholm score improved significantly from 55.9 (standard deviation 11.4) to 91.2 (standard deviation 7.6) (power ¼ 1.00 and P < .001). Since the minimum detectable change of Lysholm score was 8.9, 16 all the 10 patients met minimum detectable change. There were no complications such as infections.
Histologic Evaluation of the Anomalous Insertion
During TKA for case 11, the anomalous insertion of the AHMM to the femoral intercondylar notch was Table 1 . extracted for histologic evaluation (Fig 3A) . The AHMM had attached to the femur indirectly via loose fibrous connective tissues (Fig 3B) .
Data of Patients With Anomalous Insertion of the Anterior Horn of the Medial Meniscus
Discussion
The principal finding of this study is that clinical results following arthroscopic surgery in patients with anomaly of the AHMM that were found unexpectedly during surgery were significantly improved without the resection of the anomaly of the AHMM, and no patients developed postoperative AMKP. This finding indicates that the resection of the anomaly of the AHMM is not necessary in a patient without AMKP before arthroscopy.
The attachment of the AHMM can vary. One study reported that 10.9% of AHMM is not firmly attached to the tibia on the basis of arthroscopic findings. 2 Ohkoshi et al. 2 classified AHMM into 4 types according to the attachment point, including ACL type, transverse ligament type, coronary ligament type, and infrapatellar fold type. The anomalous insertion of the AHMM in our study was identical to the ACL type. The reported incidence of this anomaly is 0.52% to 4.1%, 2e5 which is relatively rare and close to that seen in our study (2.8%, 11/387). In addition, Cha et al. 3 and Shang et al. 13 subdivided the anomalous insertion of the AHMM into 3 types according to the attachment site to the ACL including femoral intercondylar notch, as described previously.
Whether resection of the anomaly is necessary has remained controversial. Some investigators claim that resection is effective when the patient has experienced (ACL, anterior cruciate ligament; AHMM, anterior horn of the medial meniscus; TKA, total knee arthroplasty.) e4 AMKP before arthroscopic surgery. 6, 7 In contrast, Kim et al. 17 reported reshaping of the discoid LM alone relieved symptoms in patients with this anomaly and discoid LM. In our study, none of the patients experienced AMKP before the surgery, and none of the patients developed subsequent AKMP. We therefore believe that resection of this anomaly is unnecessary if the patient has not reported AMKP before the surgery.
In our study, 6 of the 11 patients (54.5%) showed an incomplete discoid LM, which appears more frequent than the incidence of discoid LM for the Japanese population (16.6%-38.0%). 10, 18 Jung et al. 19 and Soejima et al. 20 reported cases of anomalous insertion of the AHMM associated with discoid LM. Kim et al. 17 reported that among 77 cases of discoid LM, 4 were associated with anomaly of the AHMM. Anomaly of the AHMM could therefore be associated with discoid LM. Although cases of anomalous insertion of the AHMM associated with complete or incomplete discoid MM have been reported, 5, 21 no patients with discoid MM were seen in this study.
Most AHMMs are firmly attached to the anterior intercondylar area of the tibia. 1 However, anomalous insertions of the AHMM seen in the present study were attached indirectly to the femur histologically and were not seen to be firmly attached to the tibia during arthroscopy. This anomaly may have altered the kinematics of the MM, as Ohkoshi et al. 2 previously described. In the normal knee, the MM moves forward and backward during knee extension and flexion. The degree of such movement is larger in the anterior portion than in the posterior portion. 22 Given the lack of a firm bony attachment, the anterior portion of the MM may move relatively more during knee extension and flexion. This may in turn generate more strain in the middle and posterior portions of the MM, resulting eventually in a degenerative tear. This may explain why no obvious histories of trauma were elicited from most older patients with MM injury, and degenerative changes at the tear site were seen in all patients with MM injury.
Limitations
This was a retrospective study, and it included a small number of patients. Moreover, histologic examination could be conducted in only 1 case. In this study, MRI findings were not evaluated in detail, and patellofemoral scoring was not conducted. Since the incidence of anomalous insertion of the AHMM was surveyed for those who required knee arthroscopic surgery for various reasons, our results may be different from the actual incidence of this anomaly.
Conclusions
The incidence of the anomaly was 2.8% in our study. If the patient has no AMKP before arthroscopic surgery, anomaly of the AHMM is a silent lesion that does not warrant resection.
